Aim: Rapid eye movement sleep behavior disorder (RBD) and psychiatric symptoms often antedate the clinical diagnosis of Parkinson's disease or dementia with Lewy bodies. The purpose of this study was to investigate RBD and its relevance to Lewy body disease (LBD) in patients with late-onset psychiatric disorders.
raising the possibility that some patients with lateonset psychiatric disorders may represent the prodromal state of PD/DLB. A caregiver survey revealed that primary psychiatric diagnoses were first diagnosed in 24% of 962 patients with Lewy body dementia as follows: major depressive disorder (19%), bipolar disorder (3%), or schizophrenia (2%). 11 Over 40% of caregivers also reported that it took more than 18 months to receive a diagnosis of Lewy body dementia from the time of the first visit to a physician. Early diagnosis of LBD provides opportunities for minimizing exposure to medications that may lead to fatal conditions, such as severe neuroleptic sensitivity reactions. Moreover, psychotropic usage before obtaining an LBD diagnosis potentially makes it more complicated to differentiate it from drug-induced parkinsonism. Early differential diagnosis of LBD from late-onset psychiatric disorders is important because of the difference in their prognosis and management.
RBD was originally characterized by repeated violent dreams and the subsequent acting out of dreams during REM sleep, which potentially cause injury to the patient or the bed partner. Many longitudinal studies have revealed that patients with idiopathic RBD eventually develop α-synucleinopathy-related neurodegenerative disorders: multiple system atrophy and LBD. 4 A clinicopathological study revealed close correlations between RBD symptoms and α-synucleinopathy in a large number of cases with RBD. 12 Of 170 patients with probable RBD, 158 patients (93%) were found to have α-synucleinopathy at autopsy. Of 80 patients with polysomnography (PSG)-confirmed RBD, 78 patients (98%) were found to have α-synucleinopathy at autopsy. Apart from patients with prodromal multiple system atrophy, reduced cardiac [ 123 I]-metaiodobenzylguanidine (MIBG) uptake is also observed in patients with idiopathic RBD, suggesting an underlying LBD pathophysiology. 13 The profoundly high risk of neurodegenerative disease associated with idiopathic RBD is the most potentially accurate prodromal predictor of PD/DLB. Thus, the clinical history of RBD and reduced cardiac [ 123 I]-MIBG uptake are recognized as clinical features that enable the early detection of prodromal PD/DLB.
A recent multicenter case-control study revealed that patients with idiopathic RBD (mean age: 67.3 AE 9.8 years) were more likely to report depression and concomitant antidepressant use. 14 Teman et al. 15 reported that patients with late-onset RBD (over 50 years) had a higher frequency of past and present psychiatric diagnoses as compared to controls. The most frequent psychiatric diagnosis was affective disorders (predominantly unipolar), followed by anxiety disorders. Although patients with idiopathic RBD often have comorbid psychiatric disorders, there is very little information regarding RBD in late-onset psychiatric disorders. Clinical history of RBD in patients with late-onset psychiatric disorders may suggest the presence of an underlying LBD, even before dementia or parkinsonism appears. It is, however, currently unclear whether psychotropics can promote the severity of REM sleep without atonia (RWA), which is the polysomnographic hallmark of RBD, and cause dream-enactment behaviors. [16] [17] [18] The definite clinical diagnosis of RBD requires the presence of RWA using PSG, but there is no description regarding the quantitative character of RWA in the American Academy of Sleep Medicine Manual.
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Recent studies have addressed this issue and have reported the quantitative assessment of RWA for the correct diagnosis of RBD. 20 In the present study, we investigated the characteristics of RBD symptoms and its relevance to LBD in patients with late-onset psychiatric disorders. The purpose of this study was to describe the clinical phenotype of RBD, including the quantitative assessment of RWA, in patients with late-onset psychiatric disorder at our psychiatric ward. Radiological examinations were also performed to determine whether these patients share common clinical characteristics with LBD.
METHODS

Subjects and clinical evaluation
We retrospectively reviewed the clinical profiles of all 137 consecutive patients who underwent PSG from April 2013 to May 2016 at our psychiatric ward at Nagoya University Hospital. The present study was approved by the Ethics Committee of the Nagoya University Graduate School of Medicine. Our inclusion criteria were as follows: (i) patients aged 50 years or older visiting a psychiatric outpatient service where psychiatric diagnoses were initially made; (ii) no clinical history of neurodegenerative disorders; (iii) presence of RWA on polysomnography; and (iv) an Apnea-Hypopnea Index < 20/h. One unusual case with a clinical diagnosis of parasomnia overlap disorder comorbid with panic disorder was excluded. Finally, 11 men and eight women (M age = 67.0 AE 8.5 years; range: 53-82) were included in this study. The primary reasons for polysomnographic work-up were the following: suspected parasomnia (n = 9), suspected sleep-related breathing disorders (n = 3), sleep-related movement disorder (n = 1), and insomnia (n = 6). For each patient, the clinical diagnosis was made in a consensus conference that included sleep specialists, psychiatrists, psychogeriatricians, and clinical technologists. Clinical diagnoses were made according to the DSM-5, 21 the United Kingdom's Parkinson's Disease Society Brain Bank criteria for the clinical diagnosis of idiopathic PD, 22 and the Third Consortium on DLB clinical criteria for the clinical diagnosis of DLB, 23 or the criteria from the 2nd edition of the International Classification of Sleep Disorders for the clinical diagnosis of sleep disorders, including RBD. 24 The MiniMental State Examination (MMSE) was used to assess cognitive ability. The motor subset of the Unified Parkinson's Disease Rating Scale (UPDRS) was used as an index of extrapyramidal motor signs. 25 Parkinsonism was considered to be present if any patient had a score of 2 or greater in at least two of the following cardinal features of Parkinson's disease: rigidity, bradykinesia, rest tremor, and postural instability.
Sleep analysis
All patients underwent standard PSG (Embla N7000; Natus, Pleasanton, CA, USA). Polysomnographic recording and scoring were performed according to the American Academy of Sleep Medicine Manual. 19 All PSG studies involved continuous video synchronized to standard PSG monitoring using the following montage: six channels of the scalp electroencephalogram (EEG; F3/A2, F4/A1, C3/A2, C4/A1, O1/A2, and O2/A1), two electro-oculograms, mentalis and bilateral anterior tibialis electromyograms (EMG), electrocardiogram, nasal/oral airflow, chest and abdominal wall motion using respiratory inductance plethysmography, an oximetry sensor for percutaneous oxygen saturation (SpO 2 ), snore microphone, and position sensor.
The amount of REM sleep and proportion of RWA from the submentalis and/or anterior tibialis EMG were visually checked for each patient. Tonic and phasic components of RWA were separately evaluated. Tonic EMG activity was scored only in the mentalis muscle using full 30-s epochs of REM sleep. This activity was scored when the increased sustained EMG activity was present in >50% of the total 30-s epoch duration with an amplitude of at least twice the background EMG muscle tone or > 10 μV. Phasic EMG activity was scored in 3-s mini-epochs in the mentalis muscle and anterior tibialis muscles. Artifacts in EMG channels were carefully examined and excluded from the analysis. EMG activity in the muscle that occurred either before or during arousals related to any type of respiratory events was excluded from the analysis. No EEG epileptiform activity during sleep was confirmed. When the presence of RWA was found, increased EMG activity was manually quantified in the mentalis muscle and anterior tibialis muscles as the percentages of RWA during REM sleep (%RWA). These results were compared with the optimal cutoff values of a correct diagnosis of RBD by the SIN-BAR group. 26 Evaluation of cardiac sympathetic nervous activity ]-MIBG uptake in the ROI of the heart to that of the mediastinum (H/M ratio) was calculated. We then measured the H/M ratios from early and delayed images.
Evaluation of nigrostriatal dopamine innervation
Some patients underwent . The images were acquired 3-4 h after injection on a multiheaded gamma camera (Symbia T; Siemens, Tokyo, Japan) with a low-to medium-energy general-purpose collimator and calibrated using the 159 keV photopeak and a +10% energy window. The acquisition parameters were as follows: 14-cm radius of rotation, 128 × 128 matrix, 4 view angle, and 28 min for spent time. Subsequently, reconstruction was performed using Flash 3-D software, with postfiltering that employed the Gaussian filter. The specific binding ratio (SBR) was calculated as the quantitative evaluation. This method consisted of collecting all of the radioactivity from the striatum of each hemisphere and estimating the background radioactivity from the whole brain minus that from the striatum. 27 
Evaluation of regional cerebral blood flow
We performed technetium-99m ethyl cysteinate dimer ( 99m Tc ECD) brain perfusion SPECT to investigate regional cerebral blood flow (rCBF) in a subset of patients. The 99m Tc ECD tracer was injected intravenously at a maximum dose of 600 MBq. The images were acquired over 5 min after injection on a multiheaded gamma camera (Symbia T; Siemens, Tokyo, Japan) with a low energy high-resolution collimator and calibrated using the 140 keV photopeak and a +10.5% energy window. An easy Z-score imaging system (eZIS) as the statistical image analysis method was used to investigate the changes in relative regional 99m Tc ECD uptake. [28] [29] [30] A database of normal volunteers of various age groups has been built in eZIS and is widely used in Japan. Each SPECT image of the subjects after anatomical standardization was compared to the mean and SD of SPECT images of the age-matched normal controls already incorporated in the eZIS program as a normal database using voxel-by-voxel Z-score analysis after voxel normalization to global mean values: Zscore = (control mean -individual value) / control SD. A positive Z-score indicates a lower rCBF of a patient than that of the control database. eZIS images with the lower threshold of a Z-score map of two were used to evaluate rCBF.
Statistical analysis
Data were analyzed with SIGMAPLOT 11.0 (Systat Software, Inc., Point Richmond, CA, USA), and the significance level was set at P < 0.05. Patients with and without RBD symptoms were compared with respect to the following variables: age at PSG recording, age at first visit to a psychiatric outpatient service, sex ratios, motor subscores of UPDRS, MMSE scores, frequency of each clinical diagnosis, proportions of each drug taken, and polysomnographic findings. The Student's t-test or the Mann-Whitney U-test was performed as appropriate for age, motor subscore of UPDRS, MMSE score, and polysomnographic findings. Fisher's exact test or the χ 2 -test was performed as appropriate for sex ratios, frequency of each clinical diagnosis, and the proportions of taking each drug. Spearman's rank order correlation was used to evaluate correlations between the severity of RWA and radiological variables.
RESULTS
Clinical profiles of patients with and without RBD symptoms
Of 19 patients exhibiting RWA on PSG, nine fulfilled the clinical criteria for RBD and were classified as the definite RBD group (Table 1) . These patients had a psychiatric history from 6 months to 30 years (mean 7.6 AE 10.6 years) and reported RBD symptoms only on specific questioning. In contrast, 10 patients exhibited no episode of recurrent abnormal sleep behavior but nevertheless exhibited a small amount of RWA, and were classified as the incidental RWA group. All 10 of these patients had a psychiatric history.
In the definite RBD group, all nine of the patients with RBD symptoms could recall their dreams, which were related to behaviors during sleep. Five patients had a clinical history of mild sleep-related injury, and one patient suffered from a severe injury (a bone fracture). They and/or their family had not consulted a hospital for the abnormal behavior that had occurred during sleep. Five patients ultimately fulfilled the clinical criteria for PD/DLB, while four patients were diagnosed as follows: major depressive disorder (MDD), n = 2; delusional disorder, n = 1; and somatic symptom disorder, n = 1. Brain perfusion SPECT revealed that patients with a clinical diagnosis of PD/DLB had widespread neocortical hypoperfusion compared to patients with late-onset psychiatric disorders (Fig. 1) . Occipital hypoperfusion, one of the supportive features of the clinical diagnostic criteria for DLB, 22 was observed in a subset of patients in both groups. These were consistent with the finding that occipital hypometabolism/ hypoperfusion is commonly associated with clinical features of LBD regardless of cognitive conditions. 10, 31, 32 Although the age of RBD onset was not identified in one patient, the estimated mean age of that in the other patients with RBD symptoms was 64.7 (AE11.5) years. Two patients with a clinical history of MDD developed RBD symptoms during a long clinical course, while RBD symptoms preceded the first visit to a psychiatric outpatient service by years in the other six patients.
In the incidental RWA group, three patients ultimately fulfilled the clinical criteria for DLB, while four patients were diagnosed with MDD and three with somatic symptom disorder. Demographics and clinical profiles of the two groups are listed in Table 2 . The mean age at first visit to a psychiatric outpatient service was 61 years in both groups. The most frequent initial psychiatric diagnosis was depressive disorder, followed by somatic symptom and related disorders. There were no differences in the examined clinical profiles, including the prevalence of antidepressant usage, between the two groups.
Comparison of polysomnographic findings between the definite RBD group and the incidental RWA group
As for PSG recording, the movement of extremities during REM sleep was confirmed in eight of the nine patients in the definite RBD group on time- AE 1.4) , while the proportion of episodes exhibiting RWA/the number of episodes of REM sleep differed. Eight of nine patients in the definite RBD group had RWA findings during every REM sleep period, while only two of 10 patients in the incidental RWA group did. The median %RWA was significantly higher in the definite RBD group than in the incidental RWA group (Table 3 ). The proportion of stage N2 was significantly lower in the definite RBD group than in the incidental RWA group, but there were no differences in the other examined reported the optimal cut-off values of muscle activities for a diagnosis of RBD: 10.6% for phasic in mentalis, 14.5% for "any" in mentalis, 8.7% for tonic in mentalis, 30.6% for phasic in bilateral tibialis, and 45.5% for a combination of "any" in mentalis and phasic in bilateral anterior tibialis. These cutoff values were established for rates of EMG activity with 100% specificity for RBD in individual muscles and combinations of muscles using 30-s epochs. In the incidental RWA group, phasic EMG activity in the mentalis during REM sleep (%RWA) was slightly over the cut-off values for a correct diagnosis of RBD in only one patient (10%), but the cut-off values were valid in the other examined EMG activities in the incidental RWA group. In contrast, many patients in the definite RBD group showed lower %RWA compared to those reported by Frauscher et al. 26 ; the cut-off values for a correct diagnosis of RBD were invalid in one patient (11%) for phasic in mentalis, in two patients (22%) for "any" in mentalis, in four patients (44%) for tonic in mentalis, in six patients (66%) for phasic in bilateral anterior tibialis, and in six patients (66%) for a combination of "any" in mentalis and phasic in bilateral anterior tibialis.
Comparison of radiological findings between the definite RBD group and the incidental RWA group all of the examined patients in the definite RBD group (n = 6), which is consistent with the presence of underlying LBD. In contrast, cardiac [
123 I]-MIBG accumulation was observed in all of the examined patients in the incidental RWA group (n = 6). There were no significant differences in clinical variables, including the prevalence of antidepressant use (definite RBD, 50% vs incidental RWA, 66%) and the prevalence of PD/DLB (definite RBD, 50% vs incidental RWA, 33%) in these subgroups. Thus, it is unlikely that reduced cardiac [ ]-MIBG scintigraphy findings between the definite RBD group and the incidental RWA group were compared, the early and delayed H/M ratios were significantly lower in the definite RBD group than in the incidental RWA group (Fig. 2a) . There was no overlap of the distribution in the H/M ratios between them.
Eleven of the 19 patients exhibiting RWA on PSG underwent a DAT scan and displayed a wide range of SBR on DAT-SPECT. All but patient 7 in the definite RBD group (n = 7) and all patients in the incidental RWA group (n = 4) showed symmetrical striatal DAT bindings. There were no significant differences in clinical variables, including the prevalence of PD/DLB (definite RBD, 42% vs incidental RWA, 25%) in these subgroups. There was overlap of the distribution in the values of SBR on DAT scan between them (Fig. 2b) . No difference in the mean SBR on DAT scan was found between them.
Correlation between REM sleep without atonia and radiological findings
We investigated the correlations of the severity of % RWA to radiological variables. Only the degree of the reduced cardiac [ 123 I]-MIBG reuptake was negatively correlated to the percentages of each type of EMG activities during REM sleep (Table 4) . 33 reported that in a large number of patients with DLB, the prevalence of RBD was significantly higher in DLB patients with abnormal [
123 I]-MIBG uptake than in those with normal [
123 I]-MIBG uptake. Kashihara et al. 34 reported that cardiac [
123 I]-MIBG uptake was more markedly reduced in patients with idiopathic revealed that only the existence of RBD symptoms, but not age, duration of PD morbidity, or the severity of parkinsonism, was significantly associated with reduced [ 123 I]-MIBG uptake among PD patients without dementia. Delayed H/M ratios were significantly lower in PD patients with RBD than in PD patients with incidental RWA and PD patients with normal REM sleep. There were no differences in those values between PD patients with incidental RWA and PD patients with normal REM sleep. These results were consistent with the findings of our study. Sleep studies cannot always be performed due to the lack of availability of sleep centers. Moreover, Fernández-Arcos et al. 37 reported that video-PSG had to be repeated in 16% of patients with idiopathic RBD because of insufficient REM sleep or electromyographic artifacts from coexistent apneas. Considering these facts, a clinical history of RBD and subsequent examination by cardiac [
123 I]-MIBG scintigraphy instead of PSG may help when making an early LBD diagnosis in patients with late-onset psychiatric disorders. In fact, four patients with lateonset psychiatric disorders were diagnosed with LBD based on PSG and radiological examinations, even when parkinsonism or dementia was absent. Radiological findings in these patients were consistent with their parkinsonism-and dementia-free clinical conditions.
Many studies regarding [
123 I]-FP-CIT SPECT imaging for the striatal DAT in patients with LBD have been reported. Iranzo et al. 38 reported that striatal DAT uptake was reduced in 17 (40%) of 43 patients with idiopathic RBD when compared with that in controls. Kim et al. 39 compared striatal DAT uptake among 14 patients with idiopathic RBD in a study involving 14 patients with PD at Hoehn and Yahr stage 1 and 12 normal controls. Although the PD group showed a significantly lower DAT uptake of the entire striatum than did the idiopathic RBD group and the normal controls, there was no difference in DAT uptake between the idiopathic RBD group and the normal controls. The DAT densities in the entire striatum remained within 1.96 SD of normal data in 11 of 14 patients with idiopathic RBD. There was no correlation between either tonic or phasic EMG findings and DAT densities for the striatum in patients with idiopathic RBD. Shimizu et al. 33 reported that nine (11%) of 76 patients with DLB had normal DAT uptake. These results suggest that the degree of striatal DAT uptake is widely distributed in patients with LBD, which was consistent with our results.
Holtbernd et al. reported a follow-up study of patients with idiopathic RBD who underwent the 99m Tc ECD SPECT at baseline. 40 They demonstrated abnormal network activity pattern as a predictor of later phenoconversion to PD/DLB. In the definite RBD group, four patients with late-onset psychiatric disorders showed various degrees of neocortical hypoperfusion. In contrast, patients with a clinical diagnosis of PD/DLB had widespread neocortical hypoperfusion. Given that the patients with lateonset psychiatric disorders may represent a prodromal PD/DLB state, these brain perfusion patterns can help us predict the possible development of PD/DLB. Further prospective studies will be warranted to determine the clinical significance of brain perfusion patterns as predictors of later phenoconversion to PD/DLB.
The median %RWA was significantly higher in the definite RBD group than in the incidental RWA group, although there was no difference in the prevalence of psychotropic usage between the two groups. Thus, it is likely that RBD symptoms in patients with late-onset psychiatric disorder represent underlying LBD rather than a merely psychotropic-induced condition. The reduced cardiac [ 123 I]-MIBG uptake also supported the idea that there was a pathophysiology of underlying LBD. The cut-off values of %RWA for the correct classification of RBD were nearly valid in the incidental RWA group. In contrast, phasic EMG activity in the anterior tibialis muscles of many patients in the definite RBD group was below that of patients with idiopathic RBD as reported by Frauscher et al. 26 This may be due to the clinical difference between our patients in the definite RBD group and patients with idiopathic RBD in sleep centers. These patients in the definite group first visited our psychiatric department with complaints of psychiatric symptoms and reported RBD symptoms only on specific questioning. A subset of them experienced sleep-related injury, but the injuries were mostly mild. It is noteworthy that none of them consulted the hospital about the abnormal behavior during sleep. The EMG activity in the anterior tibialis muscles of our patients may be related to the mild abnormal behavior during REM sleep. Recent studies have reported the additional clinical phenotypes of RBD. Nonviolent behaviors as RBD symptoms are often observed in patients with α-synucleinopathy. 37, 41, 42 According to the largest cohort of 203 consecutive patients with idiopathic RBD, several aspects that had not been reported or sufficiently emphasized in previous studies were reported. 37 In that report, 44% of the patients were not aware of their dream-enactment behaviors, and 7% did not recall unpleasant dreams. It is important to note that 70% reported good sleep quality and most of these patients only visited the hospital due to persuasion from their bed partners. 37 The presence of these various clinical phenotypes raises the possibility that RBD symptoms may be underdiagnosed. In terms of early detection of LBD, further studies with pathological verification will be needed to clarify the relationship between detailed clinical characteristics Table 4 . Correlations between the severity of rapid eye movement sleep without atonia and radiological findings 
